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Introduction
Laparoscopic cholecystectomy is among the most commonly performed abdominal surgeries worldwide. Recent improvements in perioperative management and laparoscopic instruments, as well as in surgical techniques, such as the critical view of safety and ensuring an adequate layer at gallbladder dissection, have enabled the performance of laparoscopic surgery in many patients, even in the presence of associated medical complications (1) (2) (3) . Intracranial hypertension is an abnormal accumulation of cerebrospinal fluid (CSF) in the ventricles of the brain that can result from infection, meningitis, brain tumors, head trauma, and intracranial hemorrhage. Treatment for intracranial hypertension can include CSF shunting or a ventriculoperitoneal (VP) or lumboperitoneal (LP) shunt. Shunt technology has also advanced over the past two decades (4), contributing to improved survival rates among patients with intracranial hypertension. Greater survival will likely lead to a growing number of patients with shunts. In turn, this means that an increasing number of patients with shunts will require abdominal surgery, including laparoscopic cholecystectomy.
With regard to laparoscopic surgery in patients with shunts, there have been several reports of shunt-related perioperative complications, including subcutaneous emphysema along the catheter tract and shunt failure (5, 6) . Based on these reports, laparoscopic surgery has been considered contraindicated in patients with shunts for intracranial hypertension. However, since the recent advances in techniques and instruments, several case reports have preliminarily suggested the safety of laparoscopic surgery in cases with shunts.
We performed laparoscopic cholecystectomy in four patients with shunts and have not experienced any shut-related complications. In our present study, we aimed to examine these cases, along with a review of the previous literature, to investigate the feasibility of laparoscopic cholecystectomy in cases with shunts.
Materials and Methods
A total of 582 patients underwent laparoscopic cholecystectomy for gallbladder disease at the Department of Surgery, Toyonaka Municipal Hospital, between January 2014 and December 2016. Among these patients, four (0.7%) had a VP or LP shunt at the time of the laparoscopic cholecystectomy. Here, we analyzed the clinical characteristics of these four patients.
Laparoscopic cholecystectomy was performed as previously described (7) . Briefly, we inserted two 12-mm trocars and two 5-mm trocars. Carbon dioxide was used for peritoneal insufflation, and the abdominal pressure was maintained at between 8 and 12 mmHg. We routinely freed the cystic artery and cystic duct, achieving a critical view of safety (3), and then dissected the gallbladder. The cystic artery was sealed and dissected with laparoscopic coagulation shears, and the cystic duct was intraabdominally ligated. After gallbladder dissection, the intraabdominal cavity was washed. Intra-abdominal drainage tubes were not inserted. Table 1 summarizes the clinical characteristics of the four patients who had CSF shunts at the time of laparoscopic surgery. These patients included two men and two women, and their average age was 70 years (range, 56-79 years). The shunts had been inserted for treatment of hydrocephalus after subarachnoid hemorrhage in two cases, for normal pressure hydrocephalus in one case, and for hydrocephalus after cerebral hemorrhage in one case. Two patients had VP shunts, and two had LP shunts. The shunt system in each of the four cases was equipped with no-reflow valves. The average interval between shunt placement and laparoscopic cholecystectomy was 8.5 years (range, 2.0-18.0 years). All four cases required laparoscopic cholecystectomy because of symptomatic gallbladder stones.
Results
Before surgery, we consulted neurosurgeons with regard to managing the shunt during laparoscopic cholecystectomy. In three cases, the neurosurgeons suggested that the shunt catheter be temporally clamped. In these three cases, after a skin incision was made above the catheter tract on the chest, the shunt catheter was identified and delicately clamped using forceps with suture boots, and then the laparoscopic cholecystectomy was started. In the remaining case, the neurosurgeon suggested that the catheter be left unclamped because it was judged to be occluded. In all four cases, trocars were inserted, with care taken not to damage the catheter, and the pneumoperitoneum pressure was set to 8 mmHg. These four cases showed no intra-abdominal adhesion due to the flow of CSF. In all four cases, the gallbladder was successfully dissected without bile juice leakage. After completion of peritoneal insufflation, the catheter was unclamped.
The average operative time was 136 min. In case 2, the operative time was quite long (237 min) due to dense Based on these concerns and reports of shunt-associated complications, a CSF shunt has generally been regarded as a contraindication to laparoscopic surgery. However, in recent years, shunt systems have been routinely equipped with no-reflow valves, which were not used in the original shunt systems. Neale and Falke reported that none of the modern shunt valves exhibited any retrograde flow when exposed to pressures of up to 350 mmHg (9) . In addition, several recent case reports have described laparoscopic surgery in patients with shunts with no complications. Thus, it is debatable whether a CSF shunt should still be considered a contraindication for laparoscopic surgery.
To our knowledge, seven prior studies, with detailed case information, have reported laparoscopic cholecystectomy in a total of 10 cases with CSF shunts (6, (10) (11) (12) (13) (14) (15) . Table 2 presents a list of these studies. In two of these reported cases, the shunt catheter was clamped before surgery to prevent shunt malfunction. In one case, the intraperitoneal part of the catheter was moved into the pelvis away from the operating field. In contrast, in seven of the cases, no specific measures were taken to prevent shunt malfunction. Shuntassociated complications were reported in only one case (6) .
Notably, the prior reports are likely subject to some reporting bias; however, the summarized results of the reported cases support the safety of performing laparoscopic cholecystectomy in cases with shunts. Considering that the reported complications developed only 5 and 10 days after shunt placement, it may be advisable to delay laparoscopic surgery in patients with recently placed shunts. With regard to measures to prevent shunt-related complications, it remains unclear whether the shunt catheter should be clamped during laparoscopic cholecystectomy. As it is possible that a no-reflow valve may no longer work properly due to long-term use, it may be safest to clamp the shunt catheter during the surgery. Because a long time had passed since the shunt catheter insertion in three of our cases, the catheter was clamped during surgery, which may have supported our favorable outcomes.
In summary, the present analysis of our own four cases, as well as a review of the literature, may support the safety of performing laparoscopic cholecystectomy in cases with CSF shunts. However, the presently available data are insufficient to determine effective measures for preventing catheter-associated complications. It should be noted that the number of patients evaluated in the present study was too small to allow any generalizable conclusion to be drawn regarding the safety of laparoscopic cholecystectomy in cases with CSF shunts. This suggests the need for further accumulation of the future cases. Lap cholecystectomy in cases with shunt T Yoshihara et al.
